cardiac surgery using an external bypass, where it has been discovered that many patients who come through surgery without any problems apparent at the time are left with neurological and psychological changes purely as the result of the techniques inseparable from surgery of this type. '-3 Although there is considerable literature on the psychological changes seen after aneurysm operations, previous investigators have confined psychometric assessment to the period after operation, generally at long term follow up. In an attempt to separate the effects of surgery from the effects of cerebral injuries sustained before the operation we have, for the first time, subjected patients to psychometric assessment immediately before and after operation as well as at follow up. Our findings suggest that aneurysm surgery by itself does not lead to any detectable impairment of higher cerebral function in the absence of some specific surgical or postoperatlve complication. Method 
1) Patients studied
Over a period of 18 months, from September 1985 to February 1987, we carried out a prospective study of those patients in our unit who were to have surgery for a ruptured intracranial aneurysm and who were, before operation, clinically stable and in a good condition, that is, in grade 1 or 2 according to the Hunt and Hess criteria. 4 During this period, 31 patients met these criteria. Twenty seven of these were studied. Of the other four patients, two were inadvertently omitted from the study, while two patients who had come from overseas for treatment were omitted deliberately. These patients could not be fully assessed psychologically because they did not speak English and it was uncertain whether they would be able to return for follow up.
2) Clinical information As each patient was admitted, detailed clinical information was collected and the patient's clinical course before and after surgery was recorded in detail. At the time of surgery the following information was recorded: total operating time, brain retraction time, the duration and degree of deliberately induced hypotension, and the occurrence of any mishap or untoward event during the operation. At the one year follow up a rather fuller assessment was carried out consisting of: 1) The original test battery in the version the patient had been given pre-operatively. 2) A set of speed tests which combine to give a quotient similar in construction and meaning to the intelligence quotient. 3) A memory test which involved both object recall and spatial location sensitive to right/left hemisphere differences. 4) A set of "intellectual" tasks to assess frontal lobe functioning.
The psychometric assessments were carried out by Dr J Willison. The functional and neurological assessments at one year were performed by one of the two consultant neurosurgeons. Although the latter may have been aware of the clinical events which had occurred, they did not know the results of the psychometric tests, and in any case, the functional assessment consisted of the results of standard questions put to the patients. Only one patient had previously received treatment for a psychological illness (depression). Ten patients had had a preceding physical illness which might have had a bearing on their capacity for recovery after intracranial surgery. Seven patients had evidence of generalised vascular disease as indicated by hypertension and angina or intermittent claudication, two had had previous surgery for intracranial aneurysms (one clipping, one common carotid artery ligation) and one patient had had two episodes of cerebral concussion.
The ruptured aneurysms were located at the following sites: anterior communicating artery 14, middle cerebral artery 6, internal carotid artery 6, posterior inferior cerebellar artery 1, Three patients had additional non ruptured aneurysms.
2) Clinical course a) COURSE BEFORE SURGERY
At the time of admission 20 patients were judged to be in Grades 1 or 2, seven were in Grade 3. By the time of operation all were in Grades 1 and 2. No patient re-bled before operation but five patients experienced episodes of neurological deterioration from which they recovered without apparent ill effect. Two of these episodes were thought to be caused by raised CSF pressure, three to delayed cerebral ischaemia ("spasm").
b) HYDROCEPHALUS
Seven patients had evidence at some stage of obstruction of the CSF pathways as indicated by CT scanning or raised pressure on lumbar puncture. In five patients this became apparent before operation and resolved with lumbar drainage of cerebrospinal fluid. Two patients required the insertion of ventricular shunts after surgery. In one of these patients hydrocephalus was diagnosed as a result of intellectual deterioration eight months after the aneurysm had been clipped. This patient has required several subsequent shunt revisions.
C) EPILEPSY
Three patients each had a single epileptic fitbefore operation, two days after surgery, and six weeks later.
3) Surgical characteristics
Twenty-six aneurysms were clipped, one was wrapped with muslin. The time from the last haemorrhage to operation ranged from five to 18 days (between days nine to 14 for 22 patients). In the 26 operations for supratentorial aneurysms, the right cerebral hemisphere was retracted in 16 patients, the left in 10.
4) Events during surgery a) TOTAL OPERATING TIME
This ranged from 70 to 300 minutes. There were no cases of brain swelling or laceration during surgery. In five patients the aneurysm bled while it was being dissected out. In two patients the aneurysm clip occluded a normal artery as well as the aneurysm neck, a state of affairs confirmed by post-operative angiography. In one of these, occlusion of the left ophthalmic artery led to no neurological deficit. In the other, occlusion of the right anterior choroidal artery caused a transient left hemiparesis; CT scanning showed a small area of capsular ischaemia. In another patient it was thought that perioperative trauma to perforating vessels arising from the middle cerebral artery was responsible for a severe contralateral hemiparesis.
5) Immediate post-operative course
No patient died and 15 patients recovered from surgery without any evident disturbance of intellectual or neurological function at any time.
On recovering from anaesthesia, seven patients were either drowsy or confused or had a focal neurological deficit. In six cases these disturbances resolved within a few days, often 16 11 e) Absence of psychological symptoms 12 15 within hours of operation but one patient who had a severe left hemiparesis after the wrapping of a right middle cerebral artery aneurysm has been left with a permanent slight clumsiness of the left hand. A further six patients made a good initial recovery after operation but developed a delayed drowsiness or focal neurological deficit while in hospital. In one patient this was caused by a subdural hygroma which resolved spontaneously; in the remaining patients the aetiology was thought to be cerebrovascular spasm. One of these patients was left with a persistent right hemiparesis and dysphasia, in the remaining patients the neurological worsening was mild and transient. (15), the mean scale score for the WAIS. Similarities were 9-5 (2 5) compared with an expected score of 10 0 (3 0).
The two patients whose performances were impaired were the patient with aphasia and a right hemiparesis from delayed post-operative ischaemia and the patient who proved to have late-onset hydrocephalus requiring a shunt. The latter patient had shown no worsening after surgery on the basic test battery but had declined subsequently.
Discussion
It was Storey (1967) who first drew attention to the psychiatric sequelae of sub-arachnoid haemorrhage. He assessed 231 survivors of a ruptured aneurysm at between six months and six years after the event and found that 55 per cent were left with psychological symptoms. He thought that in most patients the symptoms originated from cerebral damage but that in some it resulted from anxiety or depression without any evidence of organic disturbance. 5 Since then, numerous papers have been published on the subject of psychological changes after sub-arachnoid haemorrhage and/ or aneurysm surgery."'7 The symptoms vary in severity, from psychotic or confusional states to mild changes in cognition, memory, affect and personality not dissimilar to those seen after a closed head injury.2 13 These changes may be relatively subtle but nevertheless sufficient to prevent a resumption of normal life. 7 Such symptoms often occur in patients with no detectable neurological abnormalities and who may otherwise be regarded as having done well after treatment. Differences in their reported incidence may reflect the assiduity with which they have been sought.914 The cause of the symptoms may not be clear. Brain damage may occur before operation either at the time of hydrocephalus or delayed cerebral ischaemia. Ljunggren suggested that the haemorrhage itself may cause a diffuse encephalopathy analogous to that resulting from traumatic concussion.7 In other patients damage may result from some mishap at the time of surgery or from some post-operative complication.
Previous studies have relied on psychometric evaluation after treatment. For the first time, we have tested patients before operation as well.
We were concerned to investigate the possibility that aneurysm surgery might involve some risk of cerebral damage even in the absence of any specific complication. It is known that certain types of aneurysm operation may lead to cognitive changes as a result of focal cerebral damage. Thus with anterior communicating aneurysms, persistent amnesic symptoms are more common if the mode of treatment is occlusion of one anterior cerebral artery or isolation of the anterior communicating artery by clipping each end than if the neck of the aneurysm itself is clipped.'2 1317 Nevertheless, it is not known whether the basic techniques of current aneurysm surgery carries some risk of causing cerebral damage.
Our study involved some limitations. First, it was clearly impossible to perform meaningful psychometric assessment on patients who are confused, obtunded or dysphasic before operation. We therefore confined our study to patients in grades 1 and 2, that is, those who had no focal neurological deficit and no impairment of conscious level. While most aneurysm operations are carried out on patients in these grades a proportion are performed on patients in a poorer condition and it is possible that straightforward surgery does involve a risk of causing cerebral damage in such higher grades even though this may not be the case for the stable patient without any neurological deficit.
Second, even in these selected cases, it was not practicable to carry out a full psychometric evaluation before operation. We used a battery of tests especially designed for bedbound patients. Some of these tests had a "ceiling", easily reached by many patients and hence not sufficient to detect all impairment ofintellectual function. The fact that the results on two tests improved significantly at one year, and came close to significance on two others, however, demonstrates that a ceiling effect did not confound all the data. The tests were repeated before discharge but any "practice" effect was eliminated by using a different battery so that no patient repeated the same test twice. The fuller psychometric assessment at the one year follow up should have been sufficient to detect any significant residual changes.
A third limitation is the timing of surgery in this series. Of recent years there has been an increasing tendency for surgeons to operate on good condition patients in the first day or two after the haemorrhage. None of our patients was operated on at such an early stage, and it is possible that our findings would not apply to such patients who in theory might be more susceptible to the effects of basic aneurysm surgery technique than those patients whose condition had been stable for some while.
Our findings were reassuring for the aneurysm surgeon. In three of our 27 patients the pre-operative psychometry revealed abnormalities of intellectual functioning even though the patients were judged to be normal from a clinical point of view. Five of the 27 patients showed a clear worsening on psychometric testing immediately after surgery but in four of these the operative or post-operative course had been characterised by some problem or complication. Only one patient whose course had been straightforward showed worsening and then on only two of the eight tests. By one year, only two of the 27 patients showed any psychological impairment on full testing. One of these patients was the only one in the series who was left with any substantial neurological deficit-dysphasia and a right hemiparesis as the result of delayed post-operative ischaemia.
The other patient had not shown any worsening at the pre-discharge psychometric assessment but had deteriorated by one year because of the development of communicating hydrocephalus.
We conclude that aneurysm surgery as presently practised does not by itself involve any risk of detectable psychological impairment unless there has been a specific problem or complication associated with the surgery. Nevertheless, there remains the fact that several patients and their relatives reported psychological symptoms and changes at the time of follow up in the absence of any detectable abnormalities on a fairly full psychometric evaluation. Twenty four of the 27 patients had returned to their pre-morbid level of function but there were 11 with relatively minor psychological changes. If one disregards the two patients who showed abnormalities on formal psychometric evaluation and for whom clear reasons for these abnormalities could be found one is left with nine of 25 patients (36%) who felt psychologically altered and 13 of 25 patients (52%) who had residual psychological symptoms. We could find no relationship between the occurrence of such changes or symptoms and the site or side of the aneurysm, the age of the patient, the previous medical history, and the degree of hypotension or the period of brain retraction at operation or per-operative rupture of the aneurysm. In five of the patients the presence of residual symptoms may have been related to the fact that they were taking anticonvulsant or psychotrophic drugs. In one of these patients the complaints were almost certainly fictitious-she complained of intractable depression since operation and stated that she had been completely well before surgery, although there was in fact a long preceding history ofpsychiatric treatment for depression! There are three possible explanations for the minor residual symptoms in the remaining patients. Thefirstis that these complaints reflect a minimal degree of cerebral damage, too slight to be detected even by the fuller psychological testing carried out at the final follow up. The second is that they reflect a degree of psychological destabilisation caused by the occurrence of an unexpected life threatening illness requiring major intracranial surgery. The third explanaton is we believe the most plausible though difficult to prove. The residual symptoms were relatively minor-lassitude, headaches, minor depression-and did not interfere with the patients functional capacity. Such complaints are commonplace in adult life even in persons not receiving medical attention. Their occurrence in our patients may well be no more than would be expexted by chance.
